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Abstract 
For "Matter Changing" unit included in the Secondary School 5th Grade Science Program, it is intended to 
develop a test conforming the gains described in the program, and that can determine students' achievements. For 
this purpose, a multiple-choice test of 48 questions is arranged, consisting of 8 questions for each gain included 
in the training program. The test, of which the content validity is reviewed and ensured by 2 chemistry domain 
experts and 2 science lecturers, is applied to 354 6th grade students (ages 11-12) in the Black Sea Region of 
Turkey, in a city centre. Item analysis of the test is carried out and 16 items of which the distinctiveness are 
below 0,30 are excluded from the test. As a result of item analysis the average difficulty of the questions are 
estimated to be 0,38 and it is seen that their difficulty level is intermediate. Likewise, the average distinctiveness 
of the questions are estimated to be 0,38 and it is seen that the distinctiveness strength of the questions are well. 
After the questions are excluded, Kuder Richardson-20 reliability coefficient is estimated to be 0,763. As a result 
of the study, an effective and reliable achievement test including 32 questions with intermediate difficulty level 
and well distinction strength created for "Matter Changing" unit is brought to the science education.  
Keywords: Validity, reliability, matter changing, science. 
 
1. Introduction 
Exams are the important assessment tools that are utilized at every phase of the education system. Assessment is 
digitalization of the qualifications, expressing the observed qualifications via numbers and symbols. Evaluation, 
on the other hand, is a decision making process relating to the assessed qualification, by comparing the results 
obtained from the assessment process with certain criteria (Özçelik, 1992). The general objectives of the 
assessment and evaluation processes performed in schools are listed below: 
1. To determine the level of forwardness of students to the course,   
2. To determine of how much the students possess the behaviours to be taught in the course,  
3. To determine how much the students achieved to the gains of the program and how much the learning 
occurred, at the end of the unit,  
4. To notify the students about their deficiencies, at the end of the unit (Özçelik, 1998), 
5. To assess the students' skills at the end of the course,  
6. To motive the students to different courses and learning fields,  
7. To evaluate the validity of an education program or of a method of such program (Kempa, 1986; Yılmaz, 
2004). 
Often the tests are the assessment tools that are used for determination of the students' gains relating to 
the cognitive domain within the quantitative researches of education (Sönmez & Alacapınar, 2013). Oral 
examinations, true-false tests, multiple-choice tests, matching tests, fill-in-the-blank exams, scales, short answer 
tests, written examinations, open ended questions, two phase testing are used in order to assess and evaluate the 
achievement of the student at all the stages and in all the fields of the education (Kempa, 1986; Ogan Bekiroğlu, 
2004; Yılmaz, 2004; Şimşek, 2009). These all test methods have superior or weak aspects involved compared to 
each other. According to the researches, multiple-choice tests are the most common method, following the 
interviews, on revealing the students' knowledge on a specific concept or subject (Kempa, 1986; Ogan 
Bekiroğlu, 2004). 
Multiple-choice tests are the tests those which have only one true answer which is selected from within 
other obfuscatory answers (Öncü, 1999). Multiple-choice tests are the tests with objective grade which does not 
tend to differentiate from person to person (Gronlund & Lind, 1990) and are able to be graded in a short time. 
These tests also allow for a comprehensive evaluation to be made and, with ably written items, for assessing 
high-level talents (Worthen, Borg & White, 1993). 2-3 choice questions are suitable for the first or second grade 
students of the elementary school, whereas 3-4 choice questions are suitable for the following grades (Turgut & 
Baykul, 2010). 
The validity is degree of the test's ability to gather the information on the quality that is intended to be 
assessed (Kaptan, 1998). Reliability on the other hand, is the cohesion between the answers given to the test 
items. Reliability of a test depends on two main criteria. Which are; cohesion between the answers given in 
different times and cohesion between the answers given in the same time (Büyüköztürk, 2004). 
Whether a test is reliable or not, can be established through various ways. Such as: test-re-test 
reliability, parallel (equivalent) form reliability, two semi-test reliability, Kuder Richardson-20 (KR-20) and 
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Cronbach alpha (α) reliability. For tests those of which the item analysis are performed, the reliability coefficient 
is often determined via KR-20. The KR-20 is used in order to review the internal consistency between the points 
obtained from the test applied at the same time. If the difficulty levels of the items in the test are close to each 
other as a result of the item analysis, then KR-21 can be used instead of KR-20 (Büyüköztürk, 2004). Reliability 
coefficient values can be between 0.00 and 1.00, but cannot be negative (Fraenkel & Wallen, 2009). A test with 
reliability coefficient 0,70 and above, is usually considered satisfying in terms of reliability (Büyüköztürk, 2004; 
Fraenkel & Wallen, 2009). 
The "Matter Changing" unit for the 5th grade of the secondary school includes the subjects change of 
matter state (change of state, melting, freezing, boiling, vaporization, condensation, sublimation, hoarfrost 
concepts), distinctive features of the matter (melting point, freezing point, boiling point concepts), heat and 
temperature (heat, temperature, heat exchange concepts), and the temperature affects the matters (expansion, 
shrinkage concepts). In the Science Education Program which is revised in 2013, there are 6 gains for this unit 
(MEB, 2013). These are the subjects of which the students have misconception at most (Erickson, 1979; Osborne 
& Cosgrove, 1983; Bar & Travis, 1991; Bar & Galili 1994; Stavy 1990, Taber, 2000, Tytler, 2000; Bayrakci, 
2007; Gürdal Kazancıoğlu, 2008). 
In the study, it is aimed to develop an achievement test of which the validity and the reliability are 
ensured, which can be used to determine the achievements and of the 5th grade secondary school students (ages 
10-11) during the education process and their forwardness to education for the "Matter Changing" unit, in 
accordance with gains of the Secondary School 5th grade Science Education Program.  
 
2. Method 
A test of 48 questions in total consisting of 8 questions for each gain of the program has been prepared for the 
"Matter Changing" unit, through various literature review by the researchers. The questions in the test are 
prepared by taking the age group of the students into consideration, so that each question consisting of 4 options 
will include one true and 3 obfuscatory answers.  
Content validity of the test is determined via the opinions of 2 domain experts and 2 science lecturers.  
After the test is applied to students, item analysis of the test is carried out by calculating the difficulty 
and distinctiveness of the questions of the test, validity and reliability survey is performed, inappropriate 
questions are excluded, KR-20 reliability coefficient is calculated and the test achieved its final form.  
The items are evaluated according to difficulty levels (Baykul, 2000; İşman & Eskicumalı, 2003) 
provided in Table 1 and distinctiveness criteria (Özçelik, 1997; Tekin, 2000) provided in Table 2. 
Table 1. Difficulty Levels of Items (Baykul, 2000; İşman & Eskicumalı, 2003). 
Difficulty of Item (p) Assessment of Item 
0.70 - 1.00 too easy  
0.50 - 0.69 easy 
0.30 - 0.49 intermediate difficulty 
0.29 and lower than 0.29 too difficulty 
 
Table 2. Distinctiveness Criteria of Items (Özçelik, 1997; Tekin, 2000). 
Distinctiveness of item (r) Assessment of Item Usage of Item 
higher than 0.40 very well item not needed to be correct 
between 0.30 - 0.40 well item not needed to be correct 
between 0.20 - 0.29 distinctiveness is intermediate can be used in compulsory situation or needed to be corrected 
0.19 and lower than 0.19 too weak item (distinctiveness is weak) cannot be used or need to be corrected again 
354 6th grade students studying in 3 different schools in the city centres of the Black Sea Region of Turkey, are 
participated in the survey. In the development of the achievement test, 6th grade students are preferred those who 
have learnt the subject before.  
 
3. Findings  
3.1. Findings Regarding the Validity of the Test 
The multiple choice test developed, is reviewed by 2 chemistry domain experts and 2 5th grade secondary school 
science lecturers. As a result of the review by the domain experts and lecturers, it is stated that the content 
validity of the test has been provided, and is suitable for the purpose and 5th grade student level. Taking the 
suggestions in the result of the review, the test has been made ready to be implemented by making minor 
corrections on some questions.  
 
3.2. Findings Regarding the Reliability of the Test 
After the test has been applied to 354 students, true answers of each student is coded as 1 and false and void 
answers as 0, and proceeded on the analysis of the test items.  
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The scores the students get are calculated and sorted by highest to low. The supergroup is designated by 
selecting the 27% (354*27/100=96 students) of the top rated students according to the test scores, and the 
subgroup by selecting 27% (354*27/100=96 students) of the lowest rated students. Item difficulty is determined 
by means of the p  formula (Turgut, 1997), and item distinctiveness through the 
r  formula (Özcelik, 1997) (N: 27% of all students, Dü: number of the supergroup students those 
who gave the correct answer to the item, Da: number of the subgroup students those who gave the correct answer 
to the item).  
Item analysis results of the achievement test are provided in Table 3.  
Table 3. Item Analysis Results of the Achievement Test 
Question Number  Dü Da p r Expression   (according to p) Expression  (according to r) Assessment  
1 42 12 0.28 0.31 too difficulty well used 
2 69 23 0.48 0.48 intermediate difficulty very well used 
3 67 23 0.47 0.46 intermediate difficulty very well used 
4 46 19 0.34 0.28 intermediate difficulty intermediate not used* 
5 56 25 0.42 0.32 intermediate difficulty well used 
6 65 37 0.53 0.29 easy intermediate not used* 
7 66 33 0.52 0.34 easy well used 
8 58 20 0.41 0.40 intermediate difficulty well used 
9 44 15 0.31 0.30 intermediate difficulty well used 
10 43 21 0.33 0.23 intermediate difficulty intermediate not used* 
11 55 17 0.38 0.40 intermediate difficulty well used 
12 24 13 0.19 0.12 too difficulty too weak not used* 
13 65 23 0.46 0.44 intermediate difficulty very well used 
14 56 27 0.43 0.30 intermediate difficulty well used 
15 60 21 0.42 0.41 intermediate difficulty very well used 
16 42 12 0.28 0.31 too difficulty well used 
17 25 12 0.19 0.14 too difficulty too weak not used* 
18 39 10 0.26 0.30 too difficulty well used 
19 48 18 0.34 0.31 intermediate difficulty well used 
20 58 19 0.40 0.41 intermediate difficulty very well used 
21 20 15 0.18 0.05 too difficulty too weak not used* 
22 16 10 0.14 0.06 too difficulty too weak not used* 
23 51 14 0.34 0.39 intermediate difficulty well used 
24 30 12 0.22 0.19 too difficulty too weak not used* 
25 60 34 0.49 0.27 intermediate difficulty intermediate not used* 
26 64 15 0.41 0.51 intermediate difficulty very well used 
27 58 13 0.37 0.47 intermediate difficulty very well used 
28 65 15 0.42 0.52 intermediate difficulty very well used 
29 52 11 0.33 0.43 intermediate difficulty very well used 
30 46 15 0.32 0.32 intermediate difficulty well used 
31 58 25 0.43 0.34 intermediate difficulty well used 
32 40 17 0.30 0.24 intermediate difficulty intermediate not used* 
33 51 16 0.35 0.37 intermediate difficulty well used 
34 53 19 0.38 0.35 intermediate difficulty well used 
35 37 18 0.29 0.20 too difficulty intermediate not used* 
36 59 19 0.41 0.42 intermediate difficulty very well used 
37 44 21 0.34 0.24 intermediate difficulty intermediate not used* 
38 50 19 0.36 0.32 intermediate difficulty well used 
39 34 20 0,28 0.15 too difficulty too weak not used* 
40 54 19 0.38 0.37 intermediate difficulty well used 
41 29 14 0.22 0.16 too difficulty too weak not used* 
42 53 21 0.39 0.33 intermediate difficulty well used 
43 68 30 0.51 0.40 easy well used 
44 62 24 0.45 0.40 intermediate difficulty well used 
45 25 12 0.19 0.14 too difficulty too weak not used* 
46 42 12 0.28 0.31 too difficulty well used 
47 35 20 0.29 0.16 too difficulty too weak not used* 
48 46 17 0.33 0.30 intermediate difficulty well used 
Dü: number of supergroup students those who gave the correct answer to the item, Da: number of subgroup 
students those who gave the correct answer to the item, p: difficulty index, r: distinctiveness index. *Ouestions 
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that are not used 
As a result of the item analysis, the 16 questions of which the distinctiveness are lower than 0.30 are eliminated 
(questions 4, 6, 10, 12, 17, 21, 22, 24, 25, 32, 35, 37, 39, 41, 45, 47) and the test took its final form so that it 
include 32 questions in total. Since the difficulty levels of the items used in the test are not close to each other, 
the reliability of the test is assessed via KR-20. The KR-20 coefficient of the test is calculated via the formula 
 20 211
x
pqKKR
K S
 
= − 
−  
∑ (K: number of items in the test, S: standard deviation). 
Descriptive statistics obtained from the test consisting of 32 questions, after excluding the 16 questions, are 
given in Table 4. 
Table 4. Descriptive Statistics Values of the Achievement Test Data 
Definitions  Values 
Number of item  32 
Number of student 354 
Mean 11.42 
Standard deviation 5.27 
Skewness 0.980 
Kurtosis  0.874 
Medium item difficulty  0.38 
Medium item distinctiveness 0.38 
KR-20 reliability coefficient 0.763 
 
Average item difficulty is estimated to be 0,38 as a result of the item analysis, and it is concluded that the 
difficulty of test items is intermediate. Average item distinctiveness is estimated to be 0,38 and the 
distinctiveness strength of the test items considered well. KR-20 reliability coefficient of the test is estimated to 
be 0.763.  
Number of the questions relating to the gains for the "Matter Changing" unit, before and after the item analysis, 
are given in Table 5.  
Table 5. Number and Distribution of the Questions Prepared Relating to the "Matter Changing" Unit 
within the 2013 Science Class Training Program, Before and After the Achievement Test Item Analysis 
Subjects Gains Number 
of Gains 
Number of 
Questions 
Before 
Analysis 
Number of 
Questions 
After 
Analysis 
Matter 
Changing of 
Matter 
Performs experiments regarding to the Matter 
Changing of matters with the effect of the 
temperature, makes inferences based on the data 
obtained. 
Specifies that the fluids can be vaporized in all 
temperatures, and describes the basic difference 
between the vaporization and the boiling. 
1 8 6 
Distinctive 
Features of 
the Matter 
As a result of the experiments, determines the 
melting, freezing and boiling points, which are the 
distinctive features of the matter. 
1 8 6 
Heat and 
Temperature 
Describes the main differences between heat and 
temperature. 
2 
8 4 
Performs experiments regarding to the heat 
transition as a result of mixing fluids with different 
temperatures and interprets the results. 
8 6 
Heat Affects 
the Matter 
Performs experiments on expansion and 
contraction of the matter under the effect of the 
heat and discusses the results. 2 
8 5 
Distinguishes the relation between the expansion 
and contraction, through the examples from the 
daily life. 
8 5 
 Total 6 48 32 
 
The test before analysis was including 8 questions for each subject from the "Matter Changing" unit. However, 
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after the item analysis the test took its final form so that it include 32 questions of total, consisting of 6 questions 
for each “Changing of Matter State" and "Distinctive Features of Matter" subjects, and 10 questions for each 
"Heat and Temperature" and "Heat Affects Matter" subjects.  
 
4. Conclusions and Suggestions 
One of the fundamental elements of a successful chemistry education is a successful assessment process. In order 
to carry out a successful assessment, a test with validity and reliability are ensured is required to be used. For this 
reason, it is aimed to develop an achievement test for "Matter Changing" unit. 
Regarding to the content validity of the test, it is common in the literature that the opinions of the 
domain experts and lecturers to be consulted (Peterson & Treagust, 1989; Abraham, Williamson & Westbrook, 
1994; Ayas & Demirbaş, 1997; Acar & Yaman, 2011; Hürcan & Önder, 2012). Validity of the test which is 
prepared within the frame of the survey, is ensured in line with the opinions of 2 chemistry domain experts and 2 
science lecturers. As a result of the review by the domain experts and lecturers, it is determined that the content 
validity of the test has been provided, and is suitable for the purpose and student level. 
Özçelik (1997) and Tekin (2000) suggested that the items of which the distinctiveness is 0,19 and below 
should not be used or be reformulated, whereas that the items of which the distinctiveness is between 0,20-0,29 
can be used as is in unavoidable circumstances, or should be corrected. Therefore, 16 questions of which the 
distinctiveness are below 0,30 are excluded from the test, as a result of the item analysis of the test. The final 
state of the test consists of 32 questions in total, 4 to 6 for each gain in the program.  
After the questions are excluded from the test, it is determined that the average item difficulty of the 
questions is intermediate (0.38) and the distinctiveness is in a well state (0.38).  
It is established that the KR-20 coefficient of the test prepared is sufficient (0.763) for the reliability of 
a test (Büyüköztürk, 2004; Fraenkel & Wallen, 2009). 
As a result of the survey, a valid and reliable, multiple-choice test consisting of 32 questions of which 
the difficulty and distinctiveness is at demanded level for "Matter Changing" unit has been brought to the science 
education. The developed test is suggested to be used by the science lecturer in order to determine the 
forwardness of the 5th grade secondary school students to the "Matter Changing" unit training, their achievement 
during the training process and their misconception. In addition, the test can be used by researchers those who 
carry out works regarding to the effect of a certain method to the achievements relating to this unit.  
 
This research which is a part of first author’s doctorate thesis is supported by the Ondokuz Mayıs University, 
Project Management Office with number of PYO.EGF.1904.13.009.  
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